Proof test diagrams for Zerodur glass-ceramic by Tucker, D. S.
NASA
Technical
Memorandum
NASA TM- 103543
(NASA-TM-IO3543) PROOF--
ZEROOUK GLAS3-CERAMIC
PROOF TEST DIAGRAMS FOR ZERODUR
GLASS-CERAMIC
By D.S. Tucker
Materials and Processes Laboratory
Science and Engineering Directorate
June 1991
TFST DIAGRAMS FOR
(NASA) 11 p CSC1 11C
N91-27332
Unclas
G_/27 0027173
fU/ A
National Aeronautics and
Space Administration
George C. Marshall Space Flight Center
MSFC - Form 3190 (Rev. May 1983)
https://ntrs.nasa.gov/search.jsp?R=19910018018 2020-03-19T16:37:48+00:00Z

Report Documentation Page
NstlonafAeroneuticsand
SpaceAdministratio_
1. Report No.
NASATM - 103543
4. Title and Subtitle
2. Government Accession No. 3, Recipient's Catalog No.
5. Report Date
Proof Test Diagrams for Zerodur Glass-Ceramic
7. Author(s)
D.S. Tucker
June 1991
6. Performing Organization Code
8. Performing Organization Report No.
10, Work Unit No.
9. Performing Organization Name and Address
George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812
12. Sponsoring Agency Name and Address
National Aeronautics and Space Administration
Washington, DC 20546
11, Contract or Grant No.
13, Type of Report and Period Covered
Technical Memorandum
14. Sponsoring Agency Code
NASA
15, Supplementary Notes
Prepared by Materials and Processes Laboratory, Science and Engineering Directorate.
16. Abstract
Proof test diagrams for Zerodur glass-ceramic are calculated from available fracture
mechanics data. It is shown that the environment has a large effect on minimum time-to-failure
as predicted by proof test diagrams.
17. Key Words (Suggested by Author(s))
Zerodur
Glass-Ceramic
Proof Test
Environment
18 Distribution Statement
Unclassified - Unlimited
19. Security Classif, (of this report)
Unclassified
20. Security Classif. (of this page)
Unclassified
21. No, of pages
11
22 Price
NTIS
NASA FORM 1626 OCT86
For sale by the National Technical Information Service, Springfield, VA 22161-2171

TABLE OF CONTENTS
Page
1
INTRODUCTION .....................................................................................................................
1
THEORY .................................................................................................................................
3
ZERODUR PROOF TEST DIAGRAMS ..............................................................................
6
REFERENCES ........................................................................................................................
i_i PRECEDING PAGE BLANK NOT FILMED
LIST OF ILLUSTRATIONS
Figure
1.
,
.
Title Page
Proof test diagram from reference 7, 50-percent relative humidity
and 25 °C ................................................................................................................... 4
Proof test diagram from reference 7, 100-percent relative humidity
and 25 °C ................................................................................................................... 5
Proof test diagram from reference 8, 50-percent relative humidity
and 25 °C ................................................................................................................... 5
iv
TECHNICAL MEMORANDUM
PROOF TEST DIAGRAMS FOR ZERODUR GLASS-CERAMIC
INTRODUCTION
Brittle materials such as glass and glass-ceramics which exhibit slow crack growth and
subsequent fast fracture to failure exhibit a time dependence in strength.l The decrease in
strength for a constant applied load for a given period of time is known as static fatigue. In many
cases, environment plays a major role in the material lifetime. It has been shown for silicate
glasses that crack velocity will increase as the amount of water vapor in the environment
increases. 2,3 Other variables which affect glass strength, and subsequently lifetime, are surface
finish and rate of applied load. A rough surface finish leads to a lower tensile strength than for a
highly polished, flaw-free finish. The strength of glass is observed in general to increase with
increasing load rate. This phenomenon is known as dynamic fatigue. All of the above-named
factors need to be considered when glass is to be used in load bearing applications.
One method which can be used to predict glass lifetime for a given application is proof
testing. In this test, the glass article which will be placed in service is tested. Survival of the
proof test guarantees the preselected lifetime for the service article.
In this report, proof test diagrams for Zerodur glass-ceramic are presented.
THEORY
In most applications using glass (e.g., pressure panes), low loads are applied over long
periods of time. Thus, crack velocities are low and termed subcritical. Subcritical flaw growth can
be written in terms of a power law function4
V= AKI N (1)
where
V = crack velocity
A = constant
N = constant
KI = stress intensity factor.
The time t, required for a crack to propagate from subcritical to critical size, where failure occurs,
can be derived from the definition of crack velocity 4
da/dt = V (2)
where a = crack length. Also, the stress intensity is related to the applied load by 4
KI = ¢_a yal/2
where:
Ca = applied load
Y = geometric flaw factor.
Combining equations (2) and (3) gives
t = 21(_2ay2 (KIIV)dKI,
_ Kh
where:
KIi = initial value of stress intensity
Kg = final value of stress intensity.
Using equations (1) and (4) one can write
t = 2(KIi2-N-KIf2-N)/[(N-2)A_a2y2].
Since failure is essentially instantaneous when K/f = Klc, the time-to-failure is
t = 2(KIi2-N-KIc 2-N)/[(N-2)A_a2y2].
(3)
(4)
(5)
(6)
where KIc = fracture toughness or critical stress intensity factor. Also, since 15<N<50 for glass,
KIc2-N<<KIi 2-N and Kli<<O.9Klc, then
t _- 2KIc2-NI[(N-2)Aaa2Y 2] .
Thus, the time-to-failure can be determined provided that Kli, the stress intensity factor at the
largest initial flaw, and the KI -V curve are known, for a particular glass.
2
(7)
It hasbeendemonstratedby severalauthors5,6thatanupper limit to K1i and thus a lower
limit to the time-to-failure can be obtained by proof testing. Survival of the proof test guarantees
that the stress intensity at the crack tip does not exceed Klc, otherwise, failure would have
occurred.] Therefore, one can say
Kli/_a = (Kl)prooflt3p < Klc/t_p . (8)
Substituting Kn < _aK/c/_p into equation (7) gives the minimum time-to-failure expression
tmin = 2(t3pltYa)N-2/[ (N-2 )A tYa2 Y2 KIcN-2] . (9)
By taking logarithms of tmin and Ca, one can represent the minimum time-to-failure in graphical
form. Different values of _p/cr a will appear as parallel lines in the diagram.
ZERODUR PROOF TEST DIAGRAMS
Fracture mechanics data used to produce proof test diagrams for Zerodur were obtained
from references 7 and 8. The data are tabulated in table 1. The data were substituted into
equation (9) for various proof stress ratios (_p/Ca). The value of the geometrical flaw constant,
Y, was taken as n 1/2 which is valid for surface flaws.
The calculated proof test diagrams are shown in figures 1, 2, and 3. Figures 1 and 2 cor-
respond to the data in reference 7, while figure 3 was calculated using the data in reference 8. The
difference in figures 1 and 2 is quite evident. This is due to the difference in environment. Crack
growth is enhanced by increasing the water vapor present in the environment, which manifests
itself as a lower time-to-failure at a given applied stress and proof-stress ratio.
The differences between figures I and 3 are less noticeable. This is to be expected since
the fracture mechanics values used to calculate these two diagrams are in good agreement. The
differences that are seen are most likely due to experimental methods used in obtaining the
fracture values. The authors in reference 8 used a notched beam specimen technique, while the
author in reference 7 used Vicker's indentation in combination with static and dynamic methods.
These ,diagrams could now be used to determine minimum time-to-failure of an article of
Zerodur. There are, however, some limitations of proof testing. 9 The proof test itself should
nearly identically simulate the stress state and boundary conditions that the article will see in
service. The test itself should be run in an environment which precludes subcritical flaw growth,
i.e., in dry air, dry gas, or vacuum. The rate of loading and unloading should be extremely rapid
such that there is no flaw growth prior and subsequent to the peak load. This is especially
important during the unloading of the article. If the rate is too slow, there could be subcritical flaw
growth which was not detected by the proof test. Also, the surfaces and edges of the article must
be protected after proof testing to prevent accidental introduction of flaws which would nullify the
proof test.
Table 1. Fracturemechanicsdatafrom references7 and 8.
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Figure 1. Proof test diagram from reference 7, 50-percent relative humidity and 25 °C.
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Figure 2. Proof test diagram from reference 7, 100-percent relative humidity and 25 °C.
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Figure 3. Proof test diagram from reference 8, 50-percent relative humidity and 25 °C.
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